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摘 要 
邻苯二甲酸酯（PAEs）是一类重要的环境激素类污染物，主要作为增塑剂
广泛应用于塑料工业中，是塑料工业用量 大的添加剂。近年来，随着工业生产
和塑料制品的大量使用，PAEs 通过塑料制品的丢弃、工业废水和生活污水排放
以及垃圾渗滤液等各种渠道进入环境，已成为 容易在环境样品中检出的激素类
污染物之一，引起全球性的关注。                            
环境样品基质复杂，PAEs 含量低。因此，对环境样品中的 PAEs 进行分析
时，样品预处理技术就显得尤为重要。本文以 16 种被广泛关注的 PAEs 为研究
对象，建立水体中 16 种 PAEs 的固相萃取-气相色谱-质谱测定方法以及沉积物中
16 种 PAEs 的超声波辅助萃取-固相萃取小柱净化-气相色谱-质谱测定方法， 后
将这些方法应用于环境样品的测定，得到满意的结果。论文主要分为三个方面内
容： 
1、概述 PAEs 性质、环境行为及其对人类健康的危害，重点综述环境中 PAEs
的来源与污染状况、环境样品中 PAEs 测定的预处理技术及分析方法的研究进展，
阐述发展环境样品 PAEs 测定新方法的必要性，以此作为本课题的立题依据。 
2、用 C18 固相萃取小柱富集水体中 16 种 PAEs，系统地优化洗脱剂种类和
用量、样品过柱流速、盐度和样品基质等实验参数，建立了适用于河口及近岸海
水中痕量 PAEs 的测定方法。方法的检出限在 0.06~8.82 ng/L 之间，加标回收率
范围为 65%~93%， RSD 均小于 10%（0.25 µg/L，n=6），样品中 PAEs 的富集倍
数可达 1000 倍。该方法成功应用于泉州湾水样中 PAEs 的测定，为该海域水体
中 PAEs 的污染现状研究奠定了方法学基础。 
3、通过对萃取剂种类、萃取时间、填料种类、洗脱剂种类和用量等一系列
实验条件优化，建立了适用于河口及近岸沉积物中 PAEs 的测定方法。方法以二
氯甲烷为萃取剂，使用超声波辅助萃取技术，有效萃取沉积物中 PAEs；使用硅
胶固相萃取小柱净化样品，降低杂质干扰，提高方法灵敏度和准确度。方法检出
限在 0.02~0.83 ng/g 之间，加标回收率范围为 71%~107%，RSD 小于 10%（0.10 
µg/g，n=6），PAEs 的富集倍数达到 20 倍。该方法成功应用于泉州湾表层沉积物
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中 PAEs 的测定，为该海域表层沉积物中 PAEs 的地球化学研究奠定基础。 
 
 
关键词  邻苯二甲酸酯；水体；沉积物；固相萃取；气相色谱-质谱 
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Abstract 
Phthalate esters (PAEs) are an important group of environmental hormones, which 
are widely applied in the manufacture of plastic products as plasticizer. PAEs could 
release into the environment from many sources including sewage, industrial waste 
and the disposal of plastic products. Because of the large production and widespread 
use, PAEs have been becoming one of the most prevalent contaminants in the 
environment and attracted worldwide attentions.  
However, due to complexity of sample matrix and the trace level of concentration 
in environment, PAEs are difficult to be measured by the updated analytical methods. 
Measurement of 16 PAEs in coastal and esturine seawater and sediment is the aim of 
this thesis. One method was developed for PAEs at ultra trace level in seawater by 
off-line solid phase extraction (SPE) purification and GC-MS-SIM measurement, and 
the other was developed using ultrasonication extraction, SPE clean-up and 
GC-MS-SIM for measurement of 16 PAEs in sediments. The two methods were 
successfully applied to measurement of PAEs in real world samples.  
The contents are included into 3 chapters as below: 
The physical and chemical properties, environmental behaviors and the 
harmfulness of PAEs were described in Chapter 1. Pollution status and progress of 
analytical method of PAEs in environmental samples were also reviewed in this 
section. And at last the necessity of developing new methods for determination of 
PAEs in environmental samples was expatiated. 
Chapter 2 introduced a rapid and efficient off-line procedure with SPE combined 
with GC-MS for the measurement of phthalate esters (PAEs) at sub-μg/L in estuarine 
and coastal seawater. Operating parameters, such as eluent solvent and volume, 
sample loading flow rate, sample volume, salinity, and sample matrix were 
systematically investigated and optimized. Under optimized conditions, standard 
spiked recoveries ranged from 65% to 93% and the relative standard deviations 
(RSDs) (spiked at 0.25 µg/L, n=6) were less than 10% for all PAEs for developed 
method. The Method detection limits (MDLs, 3) varied between 0.10 and 8.82 ng/L. 
The enrichment factors of the method could reach to 1000 times for all PAEs.  And 
the method has been successfully applied to the investigation of trace level of PAEs in 
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IV 
seawater of Quanzhou Bay.  
A GC-MS method for simultaneous determination of 16 PAEs in sediments has 
been developed. The method has high sensitivity, good precision and accuracy with 
purification via silica SPE columns. Under the optimized conditions, standard spiked 
recoveries ranged from 71% to 107% and RSDs (spiked at 0.10 µg/g, n=6) were less 
than 10% for all PAEs. MDLs (3)  varied between 0.02 and 0.83 ng/g. The method 
has been applied to the study of PAEs distribution in sediments of Quanzhou Bay.  
 
 
Key Words: phthalate esters(PAEs); esturine and coastal seawater; sediment; solid 
phase extraction(SPE); gas chromatography-mass spectrometry(GC-MS) 
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缩略词表 
Ⅴ 
缩略词表 
 
BBZ Benzyl Benzoate   苯甲酸苄酯 
DMP   Dimethyl Phthalate    邻苯二甲酸二甲酯 
DEP Diethyl Phthalate 邻苯二甲酸二乙酯 
DPRP Dipropyl Phthalate 邻苯二甲酸二丙酯 
DiBP Di-n-butyl Phthalate 邻苯二甲酸二异丁酯 
DBP Di-n-butyl Phthalate 邻苯二甲酸二正丁酯 
DAP Diamyl Phthalate 邻苯二甲酸二正戊酯 
DHXP   Di-n-hexyl Phthalate    邻苯二甲酸二正己酯 
DHPP Di-n-heptyl Phthalate   邻苯二甲酸二庚酯 
BBP   Butylbenzyl Phthalate 邻苯二甲酸苄基丁基酯 
DCHP Dicyclohexyl Phthalate   邻苯二甲酸二环己酯 
DEHP Di-2-ethylhexyl Phthalate 邻苯二甲酸二（2-乙基己基）酯
DnOP Di-n-octyl Phthalate 邻苯二甲酸二辛酯 
DiNP Di-iso-nonyl Phthalate      邻苯二甲酸二异壬酯 
DiDP Di-iso-decyl Phthalate 邻苯二甲酸二异癸酯 
DDCP Didechl Phthalate    邻苯二甲酸二癸酯 
DDCP Diundecyl Phthalate   邻苯二甲酸双十一酯 
DUP Benzyl Benzoate   苯甲酸苄酯 
DPP Di-n-phenyl Phthalate   邻苯二甲酸二苯酯 
DPIP Diisophenyl Phthalate 间苯二甲酸二苯酯 
DBZP Di-n-benzyl Phthalate    邻苯二甲酸二苄酯 
ECD Electron Capture Detector 电子捕获检测器 
EDCS Environmental Endocrine Disruption Chemicals 环境内分泌干扰物 
EES   Environmental Estrogens   环境激素 
FID Flame Photometric Detector   氢火焰离子化检测器 
GC   Gas Chromatography 气相色谱 
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缩略词表 
Ⅵ 
GC-MS Gas Chromatography-Mass Spectrometry 气相色谱-质谱 
HPLC High Performance Liquid Chromatography   高效液相色谱 
IDL Instrument Detection Limit   仪器检出限 
IS Internal Standards 内标物 
LC-MS   Liquid Chromatography-Mass Spectrum 液相色谱-质谱 
LLE Liquid Liquid Extraction 液液萃取 
LPME   Liquid-Phase Microextraction   液相微萃取 
MAE MAE 微波辅助萃取 
MDL Method Detection Limit 方法检出限 
PAEs    Phthalate Esters 邻苯二甲酸酯类 
SE Soxhlet Extraction 索氏萃取 
SFE   Supercritical Fluid Extraction 超临界流体萃取 
SPME Solid Phase Microextraction   固相微萃取 
SPE Solid Phase Extraction 固相萃取 
SIM Selective Ion Mode 选择离子模式 
SU Surrogate Substances   替代物 
UE Ultrasonic Extraction 超声波萃取 
USEPA United States Environmental Protection Agency 美国环保署 
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Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
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